Abstract
Methods
The two outcomes, annual OSP and INCOME for the period of 2008-2012, were collected from 34,506 primary hospitals in 2,675 counties in 31 provinces in China by the national surveillance system. The data had a four-level hierarchical structure; time points were nested within primary hospital, hospitals within county, and counties within province. We fitted bivariate five-level random effects regression models to examine correlations between OSP and INCOME in terms of their mean values and dose-response effects of the essential medicine policy (EMP). We adjusted for the effects of time period and selected hospital resources.
Findings
The estimated correlation coefficients between the two outcomes' mean values were strongly positive among provinces (r = 0.910), moderately positive among counties (r = 0.380), and none among hospitals (r = 0.002) and time (r = 0.007). The correlation between their policy effects was weakly positive among provinces (r = 0.234), but none at the county and hospital levels. However, there were markedly negative correlation coefficients between the mean and policy effects at -0.328 for OSP and -0.541 for INCOME at the hospital level.
Conclusion
There was no evidence to suggest an association between the two outcomes in terms of their mean values and dose-response effects of EMP at the hospital level. This indicated PLOS 
Introduction
In response to allegations that it is too difficult and too expensive for many Chinese people to seek health care, China's central government launched a new round of national healthcare reform in April 2009. The main goals of this reform included accelerating the construction of the basic medical security system, establishing national essential medicine policy (EMP), improving the primary medical and health service system, promoting the equality of basic public health services and promoting government-run hospitals reform [1] . The EMP, an essential part of the new round of national healthcare reform, aimed to improve availability, affordability, quality and safety of essential medicine. It requested government-run primary hospitals to use low-cost medicine with zero profit [2] [3] [4] . The EMP had been experimental since 2009; it scaled up to all government-run primary hospitals at the end of 2011, which include the urban-based community health centers and rural-based township and town center hospitals [5] [6] . The EMP was implemented among the hospitals in a temporal sequence from 2009 to 2012; no hospital was on the policy in 2008, and there were 27.6%, 26.4%, 25.8% and 20.2% hospitals exposed to the policy each year from 2009 to 2012 respectively. Numerous studies have shown some positive effects of the policy, such as the increased service usage due to reduced costs of medicine [7] [8] [9] , reduced medicine costs in treatment [9] [10] [11] [12] , increased accessibility to affordable medicines [13] , and rational drug use [9, [13] [14] [15] . However, some scholars reported some contrary results, such as decreased availability of lowest-priced generic medicines [3] , lack of access to essential paediatric medicine [16] , remaining irrational use of antibiotics [17] and ineffective compensation for health-care providers [9] .
One of the main effects of EMP was to reduce the cost of medicines. This would certainly weaken the hospitals' financial situations [10, [18] [19] [20] ; under the EMP, the income of primary health care providers came mainly from the medical service charges and government subsidies [21] . However, the system of government subsidies was not sound [22] [23] [24] . As a result, many primary hospitals had to bring in income from medical services to cover their staff salaries; hence an increasing medical services was a way to compensate for the reduced cost of medicine. Those services generated income from medical tests and clinical treatment in addition to medicines. We believed that increased OSP services were less likely generating much income for compensation purpose for several reasons. Firstly, under the current medical insurance scheme many treatments and tests could not be reimbursed if they were provided as outpatient services, and hence less likely be accepted by patients; Secondly, increasing OSP was also known a positive effect of EMP since the reduced costs of medicine simulated the usage of outpatient services [7] [8] [9] ; Thirdly, costs of medicine and treatment per service were reduced under EMP [7] [8] [9] . Hence compensation for the reduced costs of medicine would mostly come from inpatient services. The outcome INCOME that excluded costs of medicines would reflect mostly incomes of hospitals brought in by medical tests and inpatient services. If the EMP effect was reflected by the increased OSP services, the on-going compensation mechanism could be reflected by an increased hospital income. An interesting research question would be the correlation between the change trend of OSP and that of INCOME at hospital level. A positive correlation between change trends of OSP and INCOME could indicate the compensation mechanism at such level. To date, few scholars have studied this problem at a national level.
One reason could be lack of effective methods in the typical policy evaluation field to handle the complexity of the data, which have a four-level hierarchical structure; time points are nested within primary hospital, hospitals within county, and counties within province. Clustering effects among provinces, counties and hospitals introduce dependence in the data, which is not appropriately analyzed using conventional methods, such as difference-indifferences (DID) [25] . However, a multivariable multilevel model, well-developed and widely applied in social sciences research, can effectively handle these kinds of data to answer our research questions [26] . In light of this background, the purpose of this study is to examine the correlations between OSP and INCOME at different levels with a bivariate multilevel model.
Materials and methods

National Health Resource and Medical Service Survey (NHRMSS)
NHRMSS was a national survey that was conducted among all healthcare-related facilities every year from 2008-2012 in all of China to acquire the basic information about facilities for the new healthcare reform. The survey was conducted by the Center for Health Information and Statistics, National Health and Family Planning Commission of China [27] . The survey instrument for primary hospitals collected data at the end of the year. It included questions on number of staff, hospital beds, housing and basic construction, quantity of large equipment, income and expenditure, assets and liabilities, medical service and preventive primary public health service. This study used data from 34,506 primary hospitals (township hospitals (TH), township central hospitals (TCH) and community health service centres (CHC)) in 2,675 counties of 31 provinces in China. Located in rural counties, the THs and TCHs provide basic health care primarily for rural population. In contrast the CHCs are located in districts of cities and center of some big counties. They provide primary health care mainly for city population living in the catchment areas. Context information, such as consumer price index (CPI), was obtained from the China Statistical Yearbook [28] . The basic data was presented in Tables 1  and 2 : 
Basic information variables
Six hospital-level measures are: (1) time exposed to policy of hospital in year (TETP) ranged from 0 to 4 years, (2) location (eastern, central and western regions of China) and hospital type, (3) quantity of staff, (4) quantity of health technical personnel, (5) quantity of bed space, and (6) total assets. These variables showed the basic features of the hospital in terms of staff, assets and equipment, and properly reflected the characteristics of the hospital. Dividing measures (4) and (5) by measure (3), we obtained two new variables: health technical personnel ratio (HTPR) and bed space ratio (BSR), respectively, to measure relative quality of human resource and relative treatment bed space. In addition, dividing measure (6) by measure (3), the logarithm transformed into the new variable, total asset ratio (LTAR), to reflect a relative capacity in medical tests or diagnosis.
Outcome variables
Two main outcomes at the hospital level are: (1) number of outpatient service provision (OSP) and (2) total income, excluding income from essential medicine (INCOME). INCOME was adjusted by the nation's CPI in each year against that in 2012, and logarithm transformation was performed on both OSP and INCOME due to their skewed distributions.
Statistical analysis
We were interested in four questions. Firstly, were OSP and INCOME correlated overall, and if so, in what direction? Secondly, were there dose-response effects (or change trends) of the EMP for OSP and INCOME overall? If so, it could demonstrate the general intensity and sustainability of the EMP. Thirdly, would the correlations and the dose-response effects remaining after adjusting for covariates? Fourthly, were OSP and INCOME correlated in terms of their mean values and dose-response effects of the EMP at corresponding levels, respectively? This could remind us whether the two outcomes followed the same trend as the EMP. Based on the data structure, previous research had applied four-level repeated measures models to assess dose-response effects of the EMP policy for single outcome, such as OSP [29] . For correlation of two outcomes, multivariate multilevel models were constructed by creating an extra level "below" the original level 1 units to define the multivariate structure [30] . Thus, to answer the first question, we first fitted a bivariate, five-level null model to examine correlations between OSP and INCOME in terms of their mean values. Then, to answer the second question, we fitted a bivariate, five-level model with independent variable TETP to identify the dose-respond effects of the EMP. Thirdly, we fitted a bivariate, five-level model with explanatory variables to answer the third question, adjusting effects of time period and some hospital resources, which included HTPR, LTAR, the location and the type of the hospital. And last, we fitted bivariate, five-level random effects regression models to answer the fourth question. We used MLwiN software to conduct the multilevel analysis [31] .
Results
Bivariate, five-level null model for unadjusted overall correlation between OSP and INCOME
We fitted a bivariate, five-level null model to obtain the raw correlation relationship between OSP and INCOME at different levels of the data structure without adjusting other influential factors. Specific definitions for the hierarchy included: 
The terms resp 1jklm , resp 2jklm stood for OSP and INCOME respectively; while β 0 , β 1 were the regression coefficients of constant item const (value equal to 1) for the two outcomes. Meanwhile, g 0m , f 0lm , v 0klm , and u 0jklm were residual of const at levels five, four, three and two for OSP, and the same for INCOME. β 0 and β 1 were the mean values of OSP and INCOME, and they were the fixed coefficients of the model. In addition, O g , O f , O v and O u were variance and covariance matrices for residuals of units at levels five, four, three and two respectively. Following the definition of Pearson's correlation, elements in these matrices could be used to calculate correlation relationships between OSP and INCOME at corresponding levels, and they were the random coefficients of the model.
The estimate of fixed and random parameters was presented in Table 3 . The Pearson's correlation coefficient between the two outcomes was calculated based on the estimated variance-covariance in Table 3 An assessment of national essential medicine policy based on 2,675 counties in China Based on the model estimates we obtained a strong positive association between mean values of OSP and INCOME among 31 provinces, moderately positive among 2,675 counties, and weak among 34,506 facilities and time points. Testing the significance of the covariance between the two outcomes (σ g01 , σ f01 , σ v01 , σ u01 ) at the four levels jointly using a generalized Wald test, we obtained χ 2 test statistic with with P values as less than 0.000, less than 0.000, 0.046 and less than 0.000 respectively, as shown in the last column in Table 3 . This suggested that the two outcomes' correlation at corresponding levels had statistical significance. More out-patient services brought more income to the facilities across provinces and among counties are generally expected as hospital performance. Further question of analysis is whether dose-response effects of the EMP of the two outcomes were also correlated among counties and facilities in particular, to examine possible compensation mechanism.
Bivariate, five-level model for fixed dose-response effects and effects of independent variables Dose-response effects of the EMP. We first brought an independent variable, hospital by time exposed to policy (TETP), into the null model to identify the raw dose-response effects of the EMP. The fixed part of the model was as follows, and the estimated values are presented in Table 4 . The random effects in relation to residuals at all levels remained unchanged from the last model. 2 and β 3 were the mean values of dose-effects of EMP for OSP and INCOME respectively, and they reflected the strength and direction of EMP effects. The results showed that dose-effects of EMP for OSP and INCOME were positive and significant, with P values both less than 0.000, demonstrating both increased OSP and INCOME as the exposure time to the EMP policy increased. The inclusion of the TETP variable reduced the -2 Ã log likelihood from 691297.7 down to 624794.3 to give a much improved model showing significant effects of the dose-response trends. Meanwhile, the correlations between the two outcomes had no obvious changes.
Adjusting for effects of time period and hospital resources. We introduced other explanatory variables-year (comparing to year 2008), HTPR, LTAR, hospital type (comparing to CHC), region (comparing to East), the first order interaction between TETP and hospital type, and the first order interaction between TETP and region-into the model to adjust the confounders, and then we identified the correlation relationship between OSP and INCOME at different levels and the true dose-response effects of the EMP. The estimated values are presented in Table 5 .
X stood for the other explanatory variables, and β x were their regression coefficients. After adjusting for the confounders, the estimated correlation coefficients between the mean values of OSP and INCOME were 0.906, 0.398, 0.002, and 0.014 at the four levels, with P values of the χ 2 test statistic for the covariance at each of the four levels being less than 0.000, less than 0.000, 0.617, and less than 0.000 respectively. It suggested that the two outcomes' correlation at province and county levels still had statistical significance. However, the regression coefficient of TETP for INCOME became negative (-0.052), while that of OSP was still positive (0.044). The negative effect could suggested that longer exposure time to the EMP policy could be associated with a decreased INCOME, and the positive one could suggested that a longer exposure to the EMP may trigger an increased outpatient services in general. These directions of changes fitted the objectives of the EMP policy. Besides, after including time period and hospital resources, the -2 Ã log likelihood declined to 580308.2 from the dose-response model's value of 624794.3, suggesting that this was a much improved model.
Random coefficients model for TETP
At last, we fitted a random coefficients model for TETP. The model was as follows, and the results are presented in Table 6 .
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The terms β 2 , g 2m , f 2lm and v 2klm were the fixed parameter, residuals of TETP at level five unit, four unit, and three unit respectively for the dependent variable OSP. Similarly the corresponding terms for the dependent variable INCOME were β 3 , g 3m , f 3lm and v 3klm . The terms β 2 and β 3 were the mean values of TETP for dependent variables OSP and INCOME.
In addition, O g , O f , O v and O u were variance and covariance matrices for residual of const and TETP at level five unit, four unit, three unit and residual of const at level two unit, respectively. They reflected the correlation relationship between OSP and INCOME in terms of their mean values and dose-response effects of the EMP at corresponding levels. For example, the correlation between the two outcomes in term of their dose-response effects at the province level was calculated by σ g23 , s 2 g2 and s 2 g3 . Finally, the -2 Ã log likelihood declined to 552211.6, which meant that the good fit was becoming better. Based on the model estimates, the correlation coefficients of random intercepts between the two outcomes were remained similar as the previous models at all four levels. Based on random slope estimates, greater policy effects on OSP resulted in larger effects on INCOME (r = 0.234) among provincials, but none on the county and facility levels. In addition, the correlation coefficients of OSP between intercepts and slopes were moderately negative among facilities (r = -0.328), and none at the county level. The correlation coefficients of INCOME between intercepts and slopes were negative among counties (r = -0.306), among facilities (r = -0.541), and none at the province level. The results of this model indicated a number of possibilities in practice. Firstly, at provincial level the non-essential medical income decreased more as the exposure time to the EMP policy became longer, and a reversed trend effects of the out-patient services. And such change trends were correlated between the two outcomes. Second, counties with more out-patient services initially tended to have smaller effects of the EMP policy over time, and so was for the INCOME or non-essential medical revenues. Thirdly, facilities having higher INCOME initially tended to achieved less effects of the EMP policy over time.
Discussion
Hospitals or healthcare facilities located in the same area are more similar in terms of number of staff, assets, scale and socio-economic environment, compared to hospitals in different areas. This phenomenon is called clustering [32] and is the main reason for regional difference of hospitals' OSP and INCOME distribution. The multiple linear regression model is commonly used to analyze associations based on structured data. Such model, however, has limitations and cannot separate the environmental factors' effects from the variance [33] [34] . In contrast, the multilevel statistical models could decompose the total variance of the outcome variables into corresponding levels according to data hierarchy [35] and have been applied in a variety of fields [36] [37] . The use of bivariate multilevel models enables us to effectively investigate the correlations between multiple dependent variables with stratification by level of the hierarchy in data [38] .
For the first and third research questions, the results indicated that provinces with higher mean value of OSP tended to have higher mean value of INCOME, and the same relationship of the two outcomes among counties. Although there was no previous study that directly examined this relationship, it is possible that prescriptions of non-essential medicines, excessive examinations by advanced equipment at out-patient services could rise medical revenue for hospital income as a compensation mechanism for the revenue lost due to the zero-marked essential medicine. However, this correlation was not observed at the hospital or facility level where the motivation of compensation was present. Further research into the implementation of the EMP policy and its impact at the facility level is guaranteed.
For the second and third questions, we found positive dose-response effects for OSP, but negative dose-response effects for INCOME. The findings partly suggested the expected overall effects of the EMP policy, i.e., a longer exposure to the EMP policy was associated with an increased out-patient services overall, but partly a side effects of the financial issue for primary healthcare facilities, i.e., a reduced income associated with longer exposure to the policy. The positive effect of EMP on OSP was supported by some previous studies [7] [8] [9] 39] . A study in Hubei province found an obvious increasing in OSP after implementing the EMP [7] . A study of primary hospitals showed evidence of the EMP effects in terms of 'two downs and one up": outpatient charges and hospital expenses down, and OSP up [8] . A study by Li [9] presented an increase of outpatient (including emergency) visits to the township hospitals in Ningxia, Chongqing and Tianjin by 5.7%, 24.0% and 6.2% respectively, in the post-implementation period than in the pre-implementation period. Meanwhile, a study in Anhui province by Xu [39] concluded a 22.43% of increase in the average number of outpatient and emergency visits after implementation of the EMP. However, one study did not found the positive effect of EMP on OSP, but reported that the increase in OSP was largely due to over-prescription by many CHCs [19] . The negative effect of the EMP on INCOME found in this study was supported by another study [22] in which the author showed a drop of the overall income among 63.33% primary hospitals after the implementation of EMP in Hubei province. The negative effect might be induced by the following: The total income of primary hospitals consisted mainly of fiscal subsidies revenue, medical revenue and drug revenue [20] , and government fiscal subsidies revenue was the basis for ensuring smooth implementation of EMP [21, 40] . In our study, INCOME was made up of mainly fiscal subsidies revenue and medical revenue. Meanwhile, medical revenue actually increased to some extent because of increased services [7] [8] [9] 39] . Thus, inadequate subsidies revenue might be the main reason for the negative effect on INCOME, supported by the findings of other studies [8, 22] . Further study is required on government fiscal subsidies policies and how they were implemented at primary hospital level and impacted on the 'true' income of primary hospitals.
For the fourth question, we found that only at provincial level the policy effects on OSP and on INCOME was weakly positive among provinces (r = 0.234). This suggests that there was no evidence to support the hypothesis that effect of the EMP on OSP was linked with that on INCOME at facility or hospital level. Meanwhile, the results of third question were also indicated a lack of significant correlation between the mean values of OSP and INCOME at the hospital level. It is known that before implementing EMP, drug revenue was the main part of the primary hospitals' total income [41] . Meanwhile, after implementing EMP, fiscal subsidies revenue and medical revenue were the two main parts of the primary hospitals' total income [41] . There was a positive effect of EMP on OSP found in this study and many others, which meant that more and more people are choosing primary hospitals when they seek health care, and this phenomenon actually augments the medical revenue to some extent. However, the hypothesis that increased OSP brings in more INCOME to hospitals as compensation for reduced costs of medicine was not observed at the hospital level. It suggested to us that in general hospitals did not provide services or treatment more than necessary to compensate for the loss of the medicine sales, and compared to medical revenue, fiscal subsidies revenue was a relatively more important part of primary hospitals' total income [20] . In addition, the markedly negative correlation coefficients between the mean and policy effects at -0.328 for OSP and -0.541 for INCOME at the hospital level suggested that hospitals with lower mean OSP or INCOME before the policy implementation tended to achieve greater policy effects, i.e. gaining both more OSP and INCOME over the policy exposure period.
Though there was no evidence to suggest an association between OSP and INCOME, in terms of both their means and policy effects at hospital level, the moderately strong association between the two outcomes at the province level could be the result of complex contextual effects. Further research to reveal the context factors and hospital services are required. The phenomenon that hospitals with lower mean value of OSP or INCOME showed greater change in gaining more OSP or INCOME warrants further research on the mechanism by micro-level factors.
Conclusions
The EMP has a positive effect on OSP, but a negative effect on INCOME. There was no evidence to suggest an association between the two outcomes in terms of their mean values and dose-response effects of EMP at the hospital level, which indicated that increased OSP did not bring enough additional INCOME. To ensure smooth implementation of EMP, sustainable mechanisms to compensate primary hospitals by government are needed.
Limitation
A number of limitations in the study should be reminded for the interpretation of the findings. Firstly, due to availability of the data, we did not have context variables at the levels of province and county to explain variabilities in the outcome variables at the corresponding levels. Second, we could not separate the true income revenue from subsidies ones in the INCOME variable. The total income of primary healthcare facilities came from a number of sources: medical revenue, fiscal subsidies, higher facilities subsidies and other incomes such as facility initiated complementary services for fees. The INCOME variable used in the study was the total income minus essential medical revenue. The higher facilities subsidies were usually small and variable among facilities, which had little impact on the finding. The finding of increased income in the study could be confounded with increasing of fiscal subsidies revenue. However, since the increasing of fiscal subsides was generally the same to all primary healthcare facilities nationwide, such effects would have be captured by the time effects in our model. The dose-response effects in relation to the policy should be unaffected. Thirdly, we used OSP, but the INCOME included outpatient and hospitalization parts; however, the medical income of primary hospitals came mainly from the outpatient part. Lastly, because the EMP was implemented in a temporal sequence, it led to different primary hospitals with different time exposed to the policy.
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